INTRODUCTION {#sec1-1}
============

The first known contact of West Nile Virus (WNV) in the Western Hemisphere took place in the fall of 1999 in the city of New York (NY), USA.\[[@ref1][@ref2][@ref3][@ref4]\] Since then, the virus has spread widely across the rest of the country. By 2003, almost all the states had reported cases. Exceptions include Oregon, Washington and Alaska in the north, Hawaii in the far west, and Maine on the east coast. Then, in 2004 and 2006, Oregon and Washington reported cases, respectively.\[[@ref5][@ref6][@ref7]\] According to the virus spreading theories, migratory birds are responsible for spreading the virus to new areas.\[[@ref8][@ref9]\] In this case, the next obvious paths that the virus could have taken would have been northward and southward dispersion patterns (Canada and Mexico). Indeed, by 2001, the first report from birds seropositive for WNV came from Canada, followed by several reports of human and horse cases in that country in 2002.\[[@ref10][@ref11]\]

Just as in Canada, in the summer of 2002, reports of encephalitis-like illness started in Mexico (birds and horses in the northern states of the country: Tamaulipas, Coahuila and Chihuahua).\[[@ref12][@ref13]\] By 2003, isolation of the virus was performed in a Common Raven (*Corvus corax*) from the southeast state of Tabasco.\[[@ref12]\] In 2004, isolation in mosquitoes resulted from a single pool of *Culex quinquefasciatus* from the northern state of Nuevo Leon and a virus isolation from a human, a 62-year-old woman from the state of Sonora.\[[@ref14]\] In 2009, a fatal human case was reported in the state of Nuevo Leon.\[[@ref15]\] Recently, in the southernmost state of the country (Chiapas), WNV circulation was demonstrated in two positive mosquito pools (*Culex nigripalpus and Culex interrogator*) and 17 domestic animals with antibodies against the virus.\[[@ref16]\]

Since its introduction in the Western Hemisphere, the virus has been circulating in many other countries of Latin America. There are several reports of WNV activity in birds, horses, or mosquitoes. The initial report came from the Cayman Islands in 2001, reporting a human West Nile neurological disease.\[[@ref17]\] In 2002, the Caribbean countries of Dominican Republic, Jamaica and Guadeloupe reported neutralizing antibodies against the virus in resident birds.\[[@ref18][@ref19][@ref20][@ref21]\] In addition, horses seropositive for WNV were identified in Guadeloupe.\[[@ref18]\] The Bahamas and Cuba confirmed a local amplification cycle in 2003 by detecting antibodies to WNV in a human (as well as horses in Cuba,\[[@ref22]\] El Salvador,\[[@ref23]\] and Belize\[[@ref24]\]). In 2004, antibodies to WNV were detected in resident and migratory birds in Puerto Rico\[[@ref23]\] and by 2007 three human samples of blood donors showed evidence to the virus.\[[@ref25][@ref26][@ref27]\] Also, in 2004, Haiti reported two human cases after a surveillance that started due the hurricane Jeanne;\[[@ref28]\] and Costa Rica, Guatemala, Colombia recorded seropositive horses in the same year,\[[@ref29][@ref30][@ref31]\] and horses and birds in Trinidad and Tobago.\[[@ref32]\] In Venezuela, birds and horses in 2005 resulted positive to serological tests.\[[@ref33]\]

In 2006, a case was reported of a Spanish missionary living in Nicaragua with antibodies against WNV, although he was not diagnosed as positive to WNV in Nicaragua. Symptoms persisted, however and 13 days later, he was transferred to a hospital in Madrid, Spain. It was not until he was admitted to the Tropical Medicine Unit in Madrid, 160 days after the onset of initial symptoms,\[[@ref34]\] that they finally had a diagnosis. The last report from South America came from Brazil, where neutralizing antibodies against the virus were found in horses in 2009 and in birds in 2010,\[[@ref35][@ref36]\] nevertheless no human cases were found after a screening of patients that year.\[[@ref37]\] For some reason, there are no reports in several countries from Central and South America and also for some Caribbean Islands; although, all have the variables that could favor the circulation of the virus. There are also reports of WNV circulation in neighboring countries. Interestingly, Argentina reported horses, birds and human cases, thus concluding that the viruses' cycle exists in the southernmost area of continent\[[@ref38][@ref39]\]\[[Table 1](#T1){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\].
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AIM {#sec1-2}
===

The information presented herein includes peer-reviewed publications recorded through almost 13 years since the introduction of WNV in the Western Hemisphere. We reviewed publications in order to gather the main theories related to the fact that not all the countries of the continent reported human cases or they have reported only few cases. Furthermore, we are presenting on-line published information from Mexico.

METHODS {#sec1-3}
=======

Search strategy {#sec2-1}
---------------

We reviewed publications to track the existence of WNV in the Americas, based on case reports from 1999 until now and also theories related to the fact that not all the countries of the continent reported human cases or that they have reported only few cases. The search was performed in the PubMed database (<http://www.ncbi.nlm.nih.gov/pubmed>) and also directly in open access on-line Journals: Center for Disease Control and Prevention (CDC) Emerging Infectious Diseases, Plos Neglected Tropical Diseases, and World Health Organization Bulletin. The key words used in this literature search were WNV, crossed with the different countries of the continent. As an example, we searched in PubMed for publications using the key words WNV Mexico, resulting in 99 publications; out of these, we select 23 for review \[[Table 2](#T2){ref-type="table"}\].
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Number of retrieved articles in PubMed database by country, using as keywords the name of each country crossed with West Nile Virus
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We also are presenting on-line published information from the health departments of USA: CDC (<http://www.cdc.gov/>), US Department of Agriculture (<http://www.aphis.usda.gov/>); Canada: Public Health Agency of Canada (<http://www.phac-aspc.gc.ca>); and Mexico: National Center of Epidemiological Surveillance (<http://www.cenave.gob.mx>).

Selection {#sec2-2}
---------

We selected for review all retrieved publications for each Latin American country. Inclusion criteria were: Title or abstract resulting from the search, showing WNV circulation evidence specifically in the search country and the article summarized theories formulated by researchers of these publications. Exclusion criteria were: We did not include papers or websites that used previously described information regarding virus circulation evidence.

RESULTS {#sec1-4}
=======

For Latin American countries, the search in PubMed retrieved 243 articles, of which 180 were excluded because they did not meet inclusion criteria, 63 were selected for full-text review and out of them 40 were selected to be included in the review \[[Table 2](#T2){ref-type="table"}\].

Spread theories over the continent {#sec2-3}
----------------------------------

The introduction of the virus in the Western Hemisphere was in NY. Lanciotti *et al*. compared 33 WNV strains through phylogenetic analysis and showed that the strain circulating in this state (WN-NY99) was most closely related to a strain circulating in Israel in 1998. The higher pathogenicity in birds than in humans may be due to background human immunity to WNV in Israel.\[[@ref1]\] Likely due to the lack of this immunity in USA, the strain that started the outbreak in NY eventually caused more than 30,000 human cases and 1,200 fatalities in the past 13 years.

Owing to the similarities in strains, the main theories of introduction of WNV not only involved intercontinental viremic migratory birds carrying the virus from the old world to the Western Hemisphere, but also zoo, pet or domestic birds introduced illegally to USA. There is also the possibility of a commercial flight transporting an infected mosquito into the country.\[[@ref3][@ref40][@ref41]\] Once the virus established its endemic cycle in NY, it started to spread through the rest of the country, south and westward. By 2011, 326 bird species, including native and exotic, were reported as positive for evidence of WNV infection by the CDC,\[[@ref42]\] and by 2010, there were 25,889 cases in horses.\[[@ref43]\]

In Mexico, it has been speculated that there could have been at least two entry routes; the first one, in the southeast of the country in the state of Tabasco, probably by migratory birds from the southeastern United States or Caribbean Islands. The other route could have been from the southern United States to Northern Mexico.\[[@ref44]\] For the rest of the continent, WNV probably took different routes. It could have arrived by one of the potential methods suggested for USA; nevertheless, it could have been carried from the USA by birds, one of the suspected carriers and amplifiers of the disease, using one of the three major migratory flyaway routes (Atlantic, Central or Pacific).\[[@ref3][@ref45]\]

WNV in Mexico {#sec2-4}
-------------

The first efforts at confirming the presence of the virus in Mexico Began in March 2000 through collaboration between the Autonomous University of Yucatan and Colorado State University (CSU), who sampled blood from birds in Yucatan State in Southeastern Mexico. A total of 8,611 birds were collected, and 21 of them had serologic evidence of *Flavivirus* infection. Of these, 8 had antibodies to WNV by enzyme-linked immunosorbent assay, but only 5 of them confirmed the infection by plaque reduction neutralization assay; sampling was performed during March 2000 and April 2003.\[[@ref46]\] At the same time, they sampled asymptomatic mammals, birds and reptiles in the Yucatan Peninsula of Mexico, in the states of Campeche (in farmed crocodiles), Quintana Roo (two locations on Cozumel Island) and Yucatan (Merida, Zoo), where antibodies against the virus were detected in all the sites of collection. Interestingly, results of seroprevalence on crocodiles were overwhelming (86%) and also high for horses on Cozumel Island (52%). Seroprevalence for WNV in birds and mammals in the Merida Zoo was 2.7% and 3.8%, respectively.\[[@ref47]\]

Simultaneously in the northeast of the country, Fernαndez-Salas *et al*. and Blitvich *et al*. in 2003, reported evidence of virus circulation; they reported antibodies to WNV on nine birds (1.13%) out 796 by December 2001\[[@ref13]\] and 15 horses sera (62.5%) out of 24 samples, confirmed by plaque neutralization assay. However, the rate of asymptomatic seropositivity was high, with 10 (67.7%) of 15 WNV-infected horses showing no signs of illness.\[[@ref48]\] These reports from both regions, showed that the virus was circulating by December 2001 and December 2002, north and south of Mexico respectively.

Autonomous University of Nuevo Leon, in collaboration with CSU, sampled from 2001 through 2006 in the Mexican states bordering Texas (Nuevo Leon, Coahuila and Tamaulipas). Sampling was performed on birds, horses and mosquitoes. We found 90 (58 resident and 32 migratory) out of 1,686 birds (5.3 %) were seropositive to WNV. Sampling of horses in Nuevo Leon and Coahuila found 116 of 498 (23.2%) seropositive to the virus (unpublished data) and from 238 pools of mosquitoes, only a single pool of *Cx. quinquefasciatus*, designated as NL-54 (0.4%), resulted in a virus isolation in the state of Nuevo Leon; the same publication showed a virus isolation from a 62-year-old woman from the western state of Sonora.\[[@ref14]\]

The first regional workshop for strengthening and training in surveillance, control and prevention activities for WNV in Mexico was held in 2005. Health authorities in Mexico performed the sampling in all the states of the country and they found evidence of virus circulation for 2002-2004. Sampling was performed on birds, horses and humans in all 32 states and the presence of the virus was detected in 31 of these states (277 municipalities out from 587) Sampling in these years accumulated a total of 983 humans with presumptive encephalitis symptoms, but only eight were seropositive for WNV (0.8%). Of the 23,596 birds sampled, only 452 (1.9%) were seropositive for WNV and of the 10,275 horses sampled, 3,690 (35.9%) were seropositive for WNV.\[[@ref49]\]

Because of these numbers, the health department implemented in 2005 the national committee for epidemiological surveillance of WNV in collaboration with state universities and animal health organizations such as Animal Health division SAGARPA, SEMARNAT, etc. In 2006, 1,586 horses were sampled and 553 of them were seropositive (34.8%). In addition, 943 birds were sampled and 113 were seropositive (11.9%). Of the 203 humans tested, only one (0.4%) was seropositive (<http://www.cenave.gob.mx/von/default.asp?id=24>) accessed 09 September 2011.

For some reason not elucidated to date, no evidence on avian mortality has been reported in Latin American countries, in such proportions as reported in USA. Only few dead birds were reported in Mexico (Sonora, Tamaulipas, Tabasco and Nuevo Leon).\[[@ref50]\]

No human cases in Mexico (Latin America theories) {#sec2-5}
-------------------------------------------------

The most important question that has puzzled the researchers was the fact that in Mexico, not a single report indicated there was a human outbreak. Several hypotheses resulted in order to explain this phenomenon, which in fact was also observed elsewhere in Latin America since most of the other countries reported birds and horses, but not humans, seropositive for WNV.\[[@ref50]\] Because of this, one hypothesis was that viral strains circulating in the USA probably were different from those circulating in most of the states of Mexico (and elsewhere in Latin America). This derived from genetic studies that showed some differences of nucleotide (nt) sequences indicating mutations at 9 nt of the Mexican raven isolated in 2003 in Tabasco state, compared with the prototype NY99 strain. However, comparison with sequences in 2002 from Texas strains, showed only one shared mutation, supporting the hypothesis regarding a different entry route of the virus into Mexico.\[[@ref44]\]

Furthermore, this hypothesis could be supported by a recent publication from Colombia where the virus was isolated from apparently healthy birds, suggesting that probably this strain could be attenuated (also it was more closely related to Louisiana isolates from 2001).\[[@ref51]\]

The most plausible hypothesis is that pre-existing neutralizing antibodies against another *Flavivirus* in the population, such as dengue virus (DENV) or Saint Louis encephalitis virus (SLEV), common mosquito-transmitted viruses throughout Latin America, might offer partial protection from WNV disease. This is supported by studies of heterologous *Flavivirus* on hamsters.\[[@ref52][@ref53]\]

Another theory is based on the delay between the beginning of cases reported on fauna and humans as in the USA. There was a delay of 3 years from the first reports in NY in 1999 until the first major outbreak appeared with more than 100 human cases in 2002.\[[@ref54]\]

Furthermore, health services in Mexico may fail to recognize the clinical signs of WNV disease as some of the symptoms are similar to those caused by DENV. Another consideration is the difficulty to perform serological diagnose in areas where more than one *Flavivirus* is circulating, with the high probability of finding people previously infected, which can produce a cross reaction in serological tests.\[[@ref14][@ref55][@ref56]\]

In order to explain the low incidence of WNV illness in Northern Mexico, another group of researchers in the state of Nuevo Leon carried out a clinical and serological investigation on three groups of individuals: Patients with unspecific fever (*n* = 588), encephalitic patients (*n* = 44) and asymptomatic blood donors (*n* = 800). From the total (1432 individuals), none was positive to WNV immunoglobulin (Ig) IgM test, but there was a range from 40% to 59% of IgG against *Flavivirus*, where DENV was the responsible for most of the cases. From these patients, only six were seropositive for WNV, concluding that probably the large proportion of the population previously infected with DENV is resistant or less susceptible to severe WNV.\[[@ref57]\]

DISCUSSION {#sec1-5}
==========

It is interesting to note how WNV has been circulating in USA since 1999 and in Canada since 2001, causing human cases every year in different states, in contrast to the rest of the continent, which never developed epidemic outbreaks. Nevertheless, the most important thing is that there is no proven explanation for this phenomenon.

For instance, in Mexico, there are areas or states where DENV is not present. Thus, it could be expected that the population was susceptible to WNV. In these states, vector mosquitoes are present, but no outbreak has occurred. Even more, the confirmed human case in 2004 in the state of Sonora highlighted the precedent that WNV can coexist in an endemic DENV zone since this state is considered high risk for dengue by public health authorities (<http://www.cenave.gob.mx/dengue/default.asp?id=32>) accessed 18 November 2011; and more recently the fatal human case in the state of Nuevo Leon where DENV also circulates year by year.

On one hand, it could have made more sense to consider the attenuated Latin American strains theory supported by the publication of WNV isolated from healthy birds from Colombia. Following this idea, we could speculate that due to attenuated strains, avian mortality it was not present in Latin American countries. Furthermore, the number of infected horses with disease symptoms or that died in Latin America, was not as high as the number reported in USA (where in 2002, there were 15,275 confirmed cases, which was the highest number of cases since the introduction of the virus to Western Hemisphere).\[[@ref43]\] It is also known that in horses infection can be sub-clinical and not necessarily show symptoms.\[[@ref58]\] What we could think is that probably horse sampling performed in Latin American horses was not as exhaustive to determine the actual number in comparison to USA.

Therefore, this theory would lead us to think that if the number of horse disease cases were greater than that reported to date in Latin America and if a random sampling in human population living in risk areas were also performed, then the percentage of seropositive people also would be greater. These people would have had either a sub-clinical infection or misdiagnosis.

On the other hand, considering cross protection due to heterologous specific antibodies against another *Flavivirus*,\[[@ref52]\] one should also consider that a very high proportion of the Latin American population has been infected with at least one *Flavivirus* in their lives as concluded by the report of the serological surveillance in Nuevo Leon state, where the proportion of seropositive people for *Flavivirus* infection was very high. Furthermore, we could speculate about a new undiscovered *Flavivirus*, such as T'Ho virus, found in *Cx. quinquefasciatus* mosquitoes from the Merida Zoo. This is a novel *Flavivirus* that has a close genetic and phylogenetic relationship and therefore probably a close antigenic relationship to WNV, which could provide cross protection.\[[@ref59]\]

However using the example of dengue infection as the main circulating virus in Mexico, the disease is mainly in urban areas, leaving rural areas with antibody-free populations against DENV, which are therefore prone to acquire the WNV infection. It is also relevant to note that DENV does not circulate in all the states of Mexico.

Using Mexico as a Latin American example, where limited financial resources are a barrier to comprehensive testing and coverage, public health authorities of the Institute of Diagnosis and Epidemiological Reference say that WNV tests in humans can only be covered (financially) and be carried out when there are symptoms of encephalopathy. Therefore, they do not apply the test on patients that were negatively diagnosed for DENV, even if a patient presented febrile symptoms typical of infection by some other *Flavivirus*. Interestingly, there have been samples of patients with symptoms of dengue fever-like illness, which turns out to be WNV. There have also been patients with WNV symptoms that were in fact dengue, but these samples have not been reported (Carmen Guzmαn, personal communication, October 2010).

Therefore, the laboratory misdiagnosis theory could be considered, which does not mean that the disease is not WNV. A negative diagnosis for DENV could be positive to WNV. These would be the most valid theories, taking as reference the case reported in Nicaragua, where it was observed that disease diagnosis is difficult in regions where several viruses of the same family are circulating at the same time. With the case of the Spanish missionary, diagnosis was not confirmed until more than 5 months after the patient first became infected. Cross-reaction in serologic tests of dengue and tick-borne encephalitis virus was found. Nevertheless, antibody titers found in both tests did not vary much with the ones found in WNV, not to mention that there was only IgM specific to WNV. In the absence of IgM's for the other two *Flavivirus*, the diagnosis resulted positive for WNV. Furthermore, it was mentioned that the missionary probably had been previously infected with dengue.

The sum of factors described by researchers through all these years in order to explain the behavior of the virus in Latin America, mainly Mexico (being the neighbor country of USA where the dispersion of WNV began) probably has resulted in the low number of reported cases in the rest of the Americas. Therefore, we add the following factors: WNV strains circulating in Latin America are attenuated, there is a preexistence of heterologous antibodies in some part of the population and the fact that there are not sufficient resources to perform tests result in the fact that the actual disease incidence cannot be determined in the human population. We thereby conclude and recommend that more attention should be paid to cases of patients looking for medical attention in health institutions, when they are presenting typical signs and symptoms of DENV infection but have a negative test results. They should be tested for similar diseases. Tests should not solely be performed on people presenting some type of encephalopathy.

Without considering the strain, WNV origin or its dispersion patterns in the Western Hemisphere, we need to keep in mind that WNV is an enzootic disease and should therefore be under epidemiological surveillance that looks for seroconversion in domestic animals and not only in wild fauna. It is easier and more economical to sample sentinel fauna (for example using zoo or farmed animals as was used in the Mexican Yucatan Peninsula), instead of investing great amounts of resources collecting wild birds.

In this case, as in any other vector-borne disease, it is enough to have the coincidence of all the appropriate conditions or variables, so it can turn from an outbreak into an epidemic, just as it is with another virus like dengue. Regarding the strains of WNV that are circulating in Latin America and which probably come from the virus of the United States, they managed to attenuate themselves.\[[@ref60]\] However, nothing assures that they cannot change again, turning more aggressive and leading to infection of humans.

In conclusion, since the virus first appeared in Mexico and after subsequent reports from Central and South America of a considerable number of wild fauna and even domestic animals seropositive to WNV, public health authorities should monitor the disease in human patients, mainly in those who present a febrile phase similar to dengue and are negative to this disease. The main reasons presented in this paper for the need to carry-out studies on human subjects are: (1) It is well-known that the cycle is already established in the fauna, (2) existing evidence that WNV can coexist in regions where other *Flavivirus* are circulating and (3) since WNV can be confused with these other diseases, it is probable that the virus has been misdiagnosed and therefore, its real incidence is unknown.
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